Streptococcus pneumoniae causes significant morbidity and mortality worldwide. High rates of pneumococcal meningitis, bacteremia, and pneumonia in children and the elderly are attributable to this pathogen. Elderly patients who develop bacteremic pneumococcal pneumonia have a significant risk of mortality (approximately 40%) (15) . Additionally, pneumococcal otitis media in children is a serious health problem. Protection from infection and disease caused by S. pneumoniae has been shown to be provided by antibodies specific to the pneumococcal capsular polysaccharides (Ps). In 1983, a vaccine containing 23 serotype-specific capsular Ps was licensed for use in adults and in children 4 years of age and older (6) . This vaccine induces type-specific antipneumococcal antibodies (Ab) and has demonstrated efficacy against pneumococcal disease in adults (3, 6, 13) . Recent analyses of randomized controlled trials have confirmed the efficacy of pneumococcal Ps vaccines, and in 1997 the Advisory Committee on Immunization Practices extended its recommendations for use of this vaccine to include all persons aged 65 and over and persons aged 2 years and over who are at increased risk of pneumococcal disease (1, 7) . Ps-protein conjugate vaccines consisting of type-specific pneumococcal Ps coupled to a variety of protein carriers have shown enhanced immunogenicity in children under two years of age (2, 11) . Nasopharyngeal carriage of vaccine serotypes also can be reduced by use of pneumococcal conjugate vaccines in children (5) . In addition, vaccination with conjugate prior to administration of the Ps vaccine was shown to increase type-specific pneumococcal Ab responses in highrisk adults, presumably as a result of immunologic priming (4) . Thus, the full potential of pneumococcal vaccination is beginning to be realized.
One of the groups included in the 23-valent vaccine, group 9, contains four capsular types (9N, 9A, 9L, and 9V) which together account for 5.8% of all bacteremic infections and 3.7% of all meningeal pneumococcal infections. Of the four types, 9N and 9V cause the most group 9 disease (91% combined) (15) . Both 9N and 9V are included in the polyvalent pneumococcal vaccine used in this study. The four group 9 Ps are linear repeating units of five monosaccharides which contain in their backbone structures D-glucose, N-acetylmannosamine, and glucuronic acid (9, 13) . The glucuronic acid is an important epitope (15) . In addition, type 9V contains O-acetate side chains, which also can be important epitopes (10, 14) . The O-acetate groups are found on the ␣-GlcA, ␤-ManNAc, and the ␣-Glc residues in various proportions and positions (12) . However, the O-acetate moiety has been found to be labile under conditions of neutral to alkaline pH or in the presence of phosphate anions (8) . Loss of O-acetate may reduce the ability of 9V Ps to induce functional immune responses against 9V organisms in vivo. The functional epitopes of capsular Ps of pneumococci have not been clearly defined, and oxidation of important vaccine Ps residues could negatively affect the immunogenicity of a vaccine. Therefore, a series of studies was undertaken in infant rhesus monkeys and in humans to explore the relative contributions of O-acetate and Ps backbone epitopes to the immune response to S. pneumoniae 9V type-specific Ps. For both model systems investigated, it was concluded that the O-acetate side groups can contribute to recognition of pneumococcal Ps but are not essential to the ability of the 9V Ps to induce functional Ab responses.
MATERIALS AND METHODS
Vaccines. The polyvalent pneumococcal Ps vaccine used in this study was PNEUMOVAX 23 (Merck), containing types 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A,  11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F (Danish nomenclature) . The Ps-protein conjugate vaccine used in this study was prepared as previously described (2, 16) . Briefly, type-specific Ps were isolated from fermentations of S. pneumoniae by alcohol precipitation and, to improve handling, were reduced in molecular size to 350,000 to 600,000 Da before conjugation. The type-specific Ps was coupled to an outer membrane protein preparation obtained from Neisseria meningitidis serogroup B (strain B-11) by detergent extraction of intact cells. The conjugate vaccine was adsorbed to aluminum adjuvant at a concentration of 450 mg of Al 3ϩ /ml. Infants. Infants were enrolled in a study for investigation of a seven-valent Ps-outer membrane protein complex (OMPC) conjugate vaccine, containing types 4, 6B, 9V, 14, 18C, 19F and 23F (2) . Healthy infants were selected. Infants received the vaccine at 2, 4, and 6 months of age with boosters at 12 months with an adult dose of polyvalent pneumococcal Ps vaccine. Sera were evaluated at 13 months for anti-9V Ab by enzyme-linked immunosorbent assay (ELISA). Those sera with ELISA titers of approximately 2 g/ml or greater for which an adequate volume was available were randomly selected for further evaluation by radioimmunoassay (RIA) and opsonin assay. Evaluation by RIA and opsonin assay of preimmune sera was not performed due to the extremely low levels of Ab in most of these sera.
Adults. Thirty adults were immunized with polyvalent pneumococcal vaccine under Institutional Review Board approval and informed consent. Serum samples were obtained prior to vaccination and 1 month postvaccination for evaluation by ELISA for anti-9V Ab. Sera with the highest ELISA titers (Ͼ6 g/ml) were further evaluated by RIA and opsonin assay.
Animals. Infant (2-to 3-month-old) rhesus monkeys of both sexes were provided by New Iberia Research Center, Division of the University of Southwestern Louisiana, New Iberia, and were housed with their mothers on site. Three groups of five infant rhesus monkeys were immunized intramuscularly with 0.5 g of 9V Ps-OMPC conjugate vaccine (by Ps mass) on day 0 and day 28. Serum was collected on days 0 and 42 (0.5 to 1 ml) for analysis. Animal studies were performed in accordance with the requirements of the Institutional Animal Care and Use Committee.
Deacetylated 9V Ps. Pneumococcal 9V Ps was de-O-acetylated by treatment with 2.5 N NaOH. Nuclear magnetic resonance (NMR) confirmed the removal of Ͼ99% of the O-acetate groups and also confirmed that the remainder of the Ps structure was intact. Some of the de-O-acetylated Ps was conjugated to N. meningitidis group B OMPC as previously described (16) . The resulting conjugate was comparable in terms of Ps size, side chain loading, and Ps/protein ratio to the conjugates made with intact 9V Ps.
ELISA. ELISAs were performed to measure immunoglobulin G (IgG) against the native, nonsized pneumococcal capsular Ps type 9V. The ELISA was performed as described previously (16) .
RIA of anti-9V Ab. Sera were assayed for Ab to 9V Ps by a Farr-type RIA with native, nonsized 14 C-pneumococcal capsular Ps. The presence of O-acetate groups on the labeled 9V Ps was confirmed by its reactivity with O-acetatespecific rabbit antiserum (factor g) from Statens Seruminstitut, Copenhagen, Denmark. Hyperimmune antipneumococcal rabbit antiserum (anti-group 9) was purchased from the New York State Department of Health at Albany to use as a standard (16) . Due to the extremely small volume of serum available from the children and infant rhesus monkeys, the RIA utilized was a competitive inhibition assay performed by adding an equal volume of unlabeled Ps at 200 g/ml to the 14 C-labeled 9V Ps. Standard curves of individual sera were not used for quantitation because of the low level of Ab in most individuals. Therefore, the proportion of counts per minute (cpm) bound was used to estimate the relative amounts of Ab present with and without a competitor. The proportion of Ab that required O-acetate for recognition was estimated based on the difference in bound cpm in competition with unlabeled 9V Ps (containing both O-acetate and backbone epitopes) and with unlabeled 9A or de-O-acetylated 9V Ps (backbone epitopes only). Type 9A was used as a competitor in the assay since its carbohydrate structure is similar to that of 9V but lacks the O-acetate groups (12) . Thus, 9A represents a naturally non-O-acetylated 9V-like structure and therefore would not be affected by the reagents used to chemically de-O-acetylate type 9V Ps. Additionally, chemically de-O-acetylated 9V Ps was utilized to compensate for any differences in heterogeneity or polydispersity between the 9A and 9V preparations. The percentage of O-acetate-specific Ab was calculated with a correction for the cpm bound when native 9V Ps was used as the competitor, as follows: 100 ϫ (cpm bound in the presence of inhibitor Ps Ϫ cpm bound in the presence of 9V Ps)/(cpm bound with no inhibitor Ϫ cpm bound in the presence of 9V Ps). For example, if the number of cpm bound in the presence of excess unlabeled 9A Ps was reduced to the same extent as it was in the presence of excess unlabeled 9V Ps, the sample would be considered to have no Ab that required O-acetate for binding. In contrast, if addition of excess cold 9A Ps had no effect on the number of cpm bound, the sample would be considered to consist entirely of Ab that required the O-acetate groups for binding. Intermediate values were expressed as percentages between these two extremes.
Higher titers were obtained from adult postvaccination sera than from those of the children. Therefore, it was possible to construct standard curves for each serum. Individual RIA standard curves for unadsorbed serum were prepared by comparing the number of cpm bound with that of the standard rabbit antiserum. The standard curves for each individual donor were then used to convert cpm for unadsorbed serum and for serum adsorbed with 9V, de-O-acetylated 9V, or 9A Ps into micrograms of Ab per milliliter, and the content of Ab recognizing O-acetate groups was calculated as described above but with micrograms of Ab in place of cpm. The percentage of O-acetate-specific Ab was calculated with a correction for the cpm bound when unlabeled native 9V Ps was used as the competitor, as follows: 100 ϫ (micrograms of detectable Ab per milliliter in the presence of inhibitor Ps Ϫ micrograms of detectable Ab per milliliter in the presence of 9V Ps)/(micrograms of detectable Ab per milliliter with no inhibitor Ϫ micrograms of detectable Ab per milliliter in the presence of 9V Ps). Thus, if the Ab titer in the presence of excess unlabeled 9A Ps was equal to the Ab titer in the presence of excess unlabeled 9V Ps, the sample was considered to have no Ab that required O-acetate for binding. In contrast, if addition of excess cold 9A Ps had no effect on the Ab titer detected, the sample was considered to consist entirely of Ab that required the O-acetate groups for binding. Intermediate values were expressed as percentages between these two extremes.
For statistical analysis, the percentage of O-acetate-specific Ab (determined by RIA) was natural log transformed, and means and 95% confidence intervals of the log-transformed percentages were calculated. These means and confidence ranges were compared for the groups of opsonin-positive and -negative samples. Upper 95% confidence range limits were calculated by adding the 95% confidence intervals to the mean of the natural logs of the percentages. Lower range limits were calculated by subtracting the 95% confidence interval from the mean of the natural logs of the percentages. For convenience, these upper and lower bounds then were converted to antilogs. Natural-log-transformed percentages in the two groups also were compared by the one-tailed t test. Overall, the statistical power of this study was sufficient to detect a threefold difference in mean O-acetate-specific Ab content with 90% confidence.
Opsonophagocytosis assay. Human and monkey sera were serially diluted (twofold dilutions) in fetal calf serum in a 96-well plate. 9V pneumococci (mouse passaged; Merck) grown to log phase in Todd-Hewitt broth at 37°C in 5% CO 2 (2,000 CFU) were preopsonized for 30 min at room temperature with the diluted serum. Rabbit complement (Cedarlane) and freshly isolated human neutrophils were added, and the mixture was incubated for 2 h at room temperature with gentle shaking in a total volume of 100 l. Ten microliters of suspension was removed at 0 and 120 min and plated on Columbia agar for overnight incubation at 37°C in 5% CO 2 . Endpoint titers were determined based on a 50% reduction in colony counts in the samples collected at 120 min versus those collected at 0 min. Control wells which contained no complement were included to ensure that pneumococcal killing was complement mediated. Little or no killing by the type-specific antisera occurred in those wells. Opsonin titers were determined on individual sera by twofold serial dilution beginning with a dilution of 1:20. Each sample was tested in at least three independent assays, and the geometric means of all the results were calculated. No results were excluded from analysis. Titers were reported as the geometric means of three to five determinations. The between-assay 95% confidence limits for samples tested repeatedly were found to be twofold or greater. Therefore, 1:40 was chosen as the cutoff for positive opsonin activity since it was at least twofold greater than the minimum response and thus able to be distinguished from no response with at least 95% certainty. Where all three repetitions yielded titers of 1:20 or less, results were reported as negative, i.e., indeterminate or Ͻ1:40. Where at least one of three determinations had titers of 1:40 or greater, the geometric mean of all of the determinations was reported. Samples were then classified as opsonin positive or negative for further analysis.
RESULTS
Anti-9V Ab in infant rhesus monkeys. Since infant rhesus monkeys do not produce Ab responses to unconjugated pneumococcal Ps but do respond to Ps-OMPC conjugates, the contribution of O-acetate groups to the ability of pneumococcal 9V-OMPC conjugate vaccines to induce functional Ab responses was evaluated in infant rhesus monkeys (16) . Three different 9V-OMPC conjugate vaccines were prepared for comparison. First, pneumococcal 9V Ps was de-O-acetylated by treatment with 2.5 N NaOH. De-O-acetylated Ps was conjugated to N. meningitidis group B OMPC and was alum adsorbed. Secondly, an alum-adsorbed, monovalent 9V-OMPC conjugate that had been stored at 4°C for 3 years was assayed with an Ab specific for O-acetylated 9V Ps (factor g antiserum from Statens Seruminstitut). The reactivity was determined to be approximately 20% of the reactivity determined at the time of manufacture. Thirdly, a recently prepared aqueous monovalent 9V-OMPC conjugate was used as a control. The reactivity of this material with the factor g antiserum at initiation of the study was found to be approximately 80% of that detected originally at the time of manufacture. The aqueous bulk conjugate was then freshly adsorbed to alum adjuvant. All three lots of vaccine were used to immunize infant rhesus monkeys.
As shown in Table 1 , all three conjugates were able to elicit anti-9V Ab detectable by RIA in infant rhesus monkeys. The Ab responses were similar in all three groups. As shown in Table 2 , all three conjugates were able to elicit Ab that were comparably opsonophagocytic for pneumococcal 9V organisms. The opsonin titers in the control group given freshly prepared 9V-OMPC conjugate were similar to those in the groups given aged or chemically de-O-acetylated 9V conjugates. Thus, de-O-acetylated 9V Ps administered as an OMPC conjugate was sufficient to induce high-titered opsonophagocytic Ab against pneumococcal 9V Ps in infant rhesus monkeys. Therefore, the O-acetate groups are not required for the induction of biologically active Ab against 9V organisms in infant rhesus monkeys. Unlike the human sera described in this paper and reported elsewhere (6), there was a good correlation between RIA titers and opsonin titers in the infant monkey sera (Spearman rank correlation coefficient, r ϭ 0.65; P ϭ 0.009).
Anti-9V Ab in humans. Data on human subjects were collected to assess the magnitude of the O-acetate-dependent Ab response postvaccination in humans and its contribution to the functional Ab response to 9V Ps-OMPC conjugate vaccine and/or to pneumococcal Ps vaccine. Sera from either children immunized with three doses of Ps-OMPC conjugate plus a booster of polyvalent pneumococcal vaccine or adults given a single dose of polyvalent pneumococcal vaccine were subjected to an RIA to determine the percentage of anti-9V Ab which required O-acetate for recognition of the Ps. The sera then were evaluated for opsonin activity to assess whether the relative O-acetate-requiring Ab content might influence the opsonin activity.
To assess the relative contributions of Ab that required O-acetate for recognition and those that recognized the 9V backbone to the repertoire of human Ab responses to pneumococcal conjugate vaccine, sera from 13-month-old children were evaluated after immunization with a seven-valent Ps-OMPC conjugate vaccine at 2, 4, and 6 months and with a booster at 12 months with polyvalent pneumococcal vaccine. Sera were assayed for anti-9V Ab by ELISA, and 10 specimens with positive ELISA responses were selected for further evaluation by competitive RIA and opsonin assay. ELISAs and RIAs of preimmune sera were not performed due to the extremely low levels of Ab in most of these sera.
Two Ps, 9A and 9V (the 9V having been de-O-acetylated by base treatment) were used as competitors. Since the backbone of 9A is very similar to that of 9V, differing principally in its lack of O-acetates (12), use of these Ps in separate experiments provided internal controls for the effects of the chemical treatment used to remove the O-acetates from 9V and also for potential differences in the size or polydispersity of Ps prepared from the two strains that might affect the ability of the de-O-acetylated 9V to act as a competitor. As shown in Table  3 , 3 of 10 sera (cases 42, 48, and 63) bound 25% or less of maximal cpm with 9A and with de-O-acetylated 9V Ps as the competitors, indicating a low level of Ab that depended for recognition on the presence of O-acetate (anti-O-acetate Ab). Of the remainder, four (cases 44, 51, 52, and 57) had intermediate levels of anti-O-acetate Ab (26 to 50%) and three had high levels of anti-O-acetate Ab (51 to 80% of maximal cpm bound with 9A or de-O-acetylated 9V Ps as the competitor).
The sera also were assayed for opsonophagocytic Ab activity. The opsonin titers were substantially lower than those observed in infant rhesus monkeys. Therefore, the titers were determined in three to five separate assays, and the geometric means of the titers were calculated across assays. Samples with mean titers above 1:40 were scored as positive. As shown in Table 3 , 9V Ab in the children's sera were found to be com- posed of from 2 to 88% O-acetate-specific 9V Ab. Opsonin assays against 9V Ps on these sera were positive across the range of 9V Ab compositions with respect to content of Oacetate-specific Ab. Therefore, in these human sera, the contributions of 9V backbone-specific and O-acetate-dependent Ab to the killing of pneumococci appeared to be similar. Higher ELISA titers were present in adult postvaccination sera, than in the children's sera. The 23 sera with high anti-9V ELISA values were selected for further evaluation by RIA and opsonin assay. As shown in Table 4 , in adult sera, Ab that required O-acetate for recognition constituted from 6% to essentially all of the 9V Ab. Of 23 samples evaluated, 6 had low levels of O-acetate-specific Ab (25% or less of the original Ab titer remaining after absorption with both types of Ps lacking O-acetates), 10 had intermediate levels (26 to 50%), and the remainder had Ͼ50% of the Ab remaining after adsorption with de-O-acetylated 9V and with 9A Ps and therefore were considered to have high levels of O-acetate-specific Ab. Adult preimmunization samples had lower Ab titers as determined by RIA and in many instances were not evaluable for Oacetate-specific Ab. In those that were evaluable, individuals with both high and low levels of O-acetate Ab were observed (data not shown).
The range of opsonin titers was similar to that observed for the children's sera described above. Therefore, a similar method of analysis was used, and samples with geometric mean titers greater than 1:40 over three to five separate assays were considered positive. Preimmunization samples were uniformly negative for opsonin activity. Positive opsonin activity was observed in sera that contained from 12 to Ͼ99% O-acetate specific Ab. The relationship between the proportion of Ab recognizing O-acetylated Ps and the level of opsonin activity was evaluated by Spearman rank correlation and by comparing 95% confidence limits for sera with and without detectable opsonin activity. The Spearman rank correlation coefficient r was 0.42 (P ϭ 0.049) when de-O-acetylated 9V Ps was used as competitor and 0.38 (P ϭ 0.070) when 9A Ps was used. The geometric mean O-acetate-specific Ab content for opsoninnegative sera based on adsorption with de-O-acetylated 9V Ps was 25%, with 95% confidence limits from 15 to 40%; based on 9A Ps, the geometric mean content was 26% with 95% confidence limits from 16 to 36%. For opsonin-positive sera, the geometric mean content of O-acetate-specific Ab was 36% with 95% confidence limits of 24 to 52% with de-O-acetylated 9V used as the competitor and 38% with 95% confidence limits from 28 to 51% when 9A Ps was used. The one-tailed P values by t test were 0.08 when de-O-acetylated 9V Ps was used as the absorbent and 0.02 when 9A Ps was used. Figures 1 and 2 show box plots comparing O-acetate-specific-Ab content of opsoninpositive and opsonin-negative sera. Thus, the relationship between O-acetate-specific-Ab content and opsonin activity in this study could be considered not significant or marginally significant at best since no consistent trend toward statistical significance was seen between the two sets of experimental conditions and the two methods of analysis used. Figure 3 shows a scatter plot comparing the total RIA titers (without absorption) with opsonin titers in the adult sera; total RIA titer does not appear to be predictive of whether sera will have opsonin activity (Spearman rank correlation coefficient, r ϭ 0.09; P ϭ 0.68). This observation has been previously reported by others (6) .
DISCUSSION
In infant rhesus monkeys, Ab raised against O-acetylated 9V Ps and Ab raised against de-O-acetylated 9V Ps are both able to opsonize 9V organisms in vitro. Children immunized with a vaccine regimen of three doses of pneumococcal Ps-OMPC conjugate and one of polyvalent pneumococcal Ps vaccine produced various levels of Ab that required O-acetate for recognition of 9V Ps, yet 9 of 10 produced Ab were able to kill type 9V bacteria. Adults immunized with a single dose of polyvalent pneumococcal vaccine also produced various levels of Ab that required O-acetate for binding. Sera in which O-acetate-specific Ab accounted for more than 50% of total 9V Ab were found in a significant minority (7 of 23) of adults while the remainder exhibited a mixed response phenotype in which most or all of the response appeared to recognize predominantly the non-O-acetylated form of the antigen. Adult sera with O-acetate-specific-Ab contents as low as 11% were effective at opsonizing type 9V bacteria while others with as much as 77% O-acetate-specific Ab were negative in the opsonin assay. The intent of the study was to examine human antisera across the complete range of high to low levels of O-acetatespecific-Ab content to determine whether a difference in functional activity exists. A statistically significant difference in opsonizing activity between the groups with high and low levels of O-acetate-specific Ab was not detected.
While the O-acetate moiety has previously been found to be an important epitope (7) , the data obtained in these studies suggest that O-acetate-specific Ab are not absolutely required for opsonization of pneumococcal 9V organisms. In both humans and infant rhesus monkeys, backbone-specific Ab appear to be sufficient for opsonic killing of type 9V. These results might be surprising considering that the 9V Ps is a linear structure having no evidence of secondary structure (12) and is decorated with an average of 1 to 2 mol of O-acetate groups per mol of Ps repeat units (8) . This primary structure allows for maximal exposure of the O-acetate groups along the Ps backbone to the external milieu and thus the O-acetylated saccharides might be more accessible to complement-fixing Ab. However, due to the heterogeneity in both the location of the O-acetate groups and the amount of O-acetylation among individual 9V repeat units, the O-acetate containing monosaccharides may present a group of epitopes too diverse to generate a large population of cross-reacting Ab for opsonization. In contrast, the nonacetylated Ps backbone may offer both sufficient solvent exposure to ensure the induction and binding of functional Ab with subsequent opsonic activity and a more consistent structure for recognition by functional Ab. NMR studies have shown that O-acetates can be found in varying proportions on the 2 (17%) and 3 (25%) positions of either of the two ␣-GlcA residues and on the 4 (4%) and 6 (55%) positions of the ␤-ManNAc residue in each repeat unit, while O-acetylation of the ␣-Glc may also be seen (12) . Since it is possible to perform NMR studies only on purified Ps, the extent to which purification may affect the number and location of O-acetates is unknown. Further changes in O-acetate content and distribution may occur in solution, but such changes are not apparent when anhydrous Ps powder is stored at temperatures below Ϫ15°C (8).
In some individual samples, the percentage of O-acetatespecific Ab observed appeared to differ when de-O-acetylated 9V or 9A Ps was used as the competitor. However, there were no evident trends either with respect to one competitor Ps giving consistently higher values than the other (P Ͼ 0.4 by paired t test, sign test, and Wilcoxon matched pairs test) or with respect to differences relating to RIA titer or the presence or absence of opsonin activity. Thus, it appears that the differ- ences are likely to be due to experimental variation. Since type 9N Ps is present in the Ps vaccine that was used for immunization of the adults and as a booster in the children in the studies, a difference could be related to different levels of cross-reactivity in individual responses to the type 9N Ps. A more surprising observation was the absence of detectable opsonin activity against 9V bacteria in 9 of 23 adults given the polyvalent pneumococcal vaccine. However, since individuals with minimal primary responses may still be capable of mounting protective responses on subsequent exposure to a pathogen, it is not appropriate to draw conclusions about the efficacy of type 9V Ps vaccines or the adequacy of opsonizing Ab as surrogate markers for protection from this small serological study. Genetic differences among individual subjects also may play some role since genetic regulation of immune responses to pneumococcal Ps has been observed in human subjects (9) .
Comparison of RIA titers and opsonin assay titers for individual sera indicated little direct correlation between the two values. There are several possible explanations for this observation. RIAs detect relatively high-avidity IgG and IgM Ab which are specific for purified Ps. Opsonin assays detect those Ab (IgG and IgM) that can recognize and bind intact capsule Ps, fix complement, and lead to killing of the pneumococci. Differences in Ab populations detected by the two different assay methods may be related to differences in epitopes presented by purified Ps versus capsular Ps, differences in tertiary structure of the Ps, and the presence of minor contaminants in the purified Ps. Most likely, only a well-defined subset of all specific Ab are able to opsonize pneumococci, and in some cases, that subset may be below the limits of detection of the in vitro opsonin assay utilized in this investigation. However, both assays are valuable in the analysis of Ab response to specific antigens.
Various chemical treatments of type 9V Ps can lead to the loss of some or all of its O-acetate groups (8) . However, based on the results of this investigation, oxidation of these bonds with subsequent loss of O-acetate groups does not appear likely to affect the ability of the vaccine to induce functional Ab against this important pathogen.
